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SUMMARY
 Hemin, heme-derived molecule, can induce reactive oxygen species (ROS) production and cell death. 
However, effects of hemin on monocyte/macrophage remain unclear.  The purpose of this study was to 
understand the mechanisms of ROS production and cell death induced by hemin in monocyte/
macrophage.  Human monocytic THP-1 cells were treated with hemin and cell death and ROS production 
were measured by flow cytometry.  Hemin dose-dependently induced cell death and ROS production.  The 
anti-oxidant N-acetyl cysteine (NAC) suppressed both hemin-induced ROS production and cell death. 
The mitochondria-selective anti-oxidant MitoTEMPO suppressed hemin-induced cell but not ROS 
production.  Among the NADPH oxidase inhibitors, diphenyleneiodonium chloride (DPI), apocynin, and 
VAS2870, only DPI suppressed hemin-induced ROS production and cell death.  These results indicate 
原著
ヘム誘導体が単球 / マクロファージの ROS 産生と細胞死を
誘導する機構の検討 
井本しおん1)　澤村　　暢1)　溝越　祐志1)　渋谷　雪子1)
澤田　浩秀1)　西郷　勝康2)　河野　麻理3)
Mechanism of hemin-induced ROS production and cell death in monocyte/macrophage 
Shion IMOTO1), Tohru SAWAMURA1), Yuji MIZOKOSHI1), Yukiko SHIBUYA1), 
Hirohide SAWADA1), Katsuyasu SAIGO2), and Mari KONO3)
?????????Vol. 10?pp 43?50?2017
44?? ?
??????????? 10 ??2017
緒言
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????1) 2)?
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????????1) 3) 4)?
???????????????????????
???????????????????????
???????????????????????
???????????????????????
????? ROS???????????????
??????????????? THP-1????
?????
材料及び方法
試薬：
?????Sigma-Aldrich?
?ROS????CM-H2DCFDA?Invitrogen?
??????????Annexin V-FITC ???
?Beckman Coulter?
?????N-acetyl cysteine?NAC; Sigma-
Aldrich??Mito-TEMPO?Sigma-Aldrich?
?NADPH oxidase ????diphenyleneiodonium 
c h l o r i d e ( D P I ; C a y m a n )???????
?Calbiochem??VAS2870?Sigma-Aldrich?
細胞培養：
??????????? THP-1?DS ??????
??????????10???????FBS; 
HyClone??RPMI1640?Gibco; ??RPMI???
????????37? 5% CO2?????????
????????
THP-1に対するへミン処理：
???????????????????????
????????FBS ???????0%FBS 
RPMI?2?????????1?10^6/ml?????
24????????1ml???????
????????????5mmol/L in DMSO???
????????????????????????
?????37? 5% CO2 ??????????????
???????????????0%FBS RPMI ?
2??????????????2????????
??? RPMI????????????????
??????????????????
各種阻害剤処理
??????NAC, MitoTEMPO??NADPH ??
??DPI????????VAS2870??????
? DMSO??????????????????
???????????????????????
???????????????????????
???????????37? 5% CO2 ??????
??????????????????????
FCM による細胞死の測定： 
???????????????? PBS ???
0%FBS RPMI ?1????Annexin-V-FITC ? PI
????????????????F C M
?FACSCalibur, BD????????
that the NADPH oxidase pathway is not the main pathway for hemin-induced ROS production, and that 
ROS-producing reactions in mitochondria are important for hemin induced cell death.  
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普通染色標本の作製：
???????????????????????
????10??????????????????
???May-Giemsa ?????????????
????
FCM による ROS の測定：
????????????????0%FBS RPMI 
?1?????24????????????ROS?
???CM-H2DCFDA??????37??5%CO2?
30?????????PBS ??? O%FBS RPMI 
?1?????FCM??????
位相差・蛍光顕微鏡による観察：
?ROS? FCM???????????????
????????????????????????
???????????
統計学的解析
????????????????????Excell 
? Student's t-test ????????p<0.05 ???
?????????
結果
へミンによる細胞死の誘導
???????????????????????
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????Fig. 1 a)-c)?????????????10
?M ??????30?M???????????
???
?FCM??????????????? THP-1?
PI?? Annexin-V??????????????
????Fig. 1 d)???????????????
???????????????????????
?????Fig. 1 e)??
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Figure 1. hemin-induced cell death
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Figure 1. hemin-induced cell death へミンによる細胞死の
誘導
a)?c) ???2?????? THP-1??? May-Giemza
??????????????400??????????
????????????????
d) ???2??????THP-1??? Annexin V-FITC 
? PI ??????FCM????
??????????? Annexin V - PI+ ??????
???????????????
e) ??????????????????
?????????????????????????
?????????????
?????????3????????????????
?????????
?? p<0.05 ????n.s. ???????p>0.05?????
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へミンによる ROS 産生の誘導
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???????????????????????
??????????????????Fig. 2 a)-f)??
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へミンによる細胞死・ROS 産生誘導に対する血清
蛋白の影響
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へミンによる細胞死・ROS 産生誘導に対する抗酸
化剤の影響
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Figure 2. hemin-induced ROS production へミンによる ROS
産生の誘導　
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Figure 2. hemin-induced ROS production
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Figure 3. Effects of serum protein on hemin-induced cell 
death and ROS production　血清蛋白がへミンによる ROS
産生・細胞死誘導に及ぼす影響
a) THP-1????FBS 0%?FBS 5%?????????
?0.1?????????0 ???20? mol/l?2???
?????????????????????FBS 0%
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???????0.1?????????????????
???????????
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Figure 4.  Effects of antioxidants on hemin-induced cell 
death and ROS production　抗酸化剤がへミンによる ROS
産生・細胞死誘導に及ぼす影響
a) THP-1???????? NAC 0 ???10mmol/l?1
?????? ???0 ???20? mol/l?2??????
?????????????????????????
??? NAC????????????????
????????3?????????????????
????????
?? p<0.05 ????
b) ???a)?????????ROS??????????
?????? ROS????? NAC?????????
???????
????????3?????????????????
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?? p<0.05 ????
c) THP-1??????????????????
MitoTEMPO 0?300? mol/l?1?????? ???20
? mol/l ?2???????????????????
??????????????? MitoTEMPO ???
?????????
????????3?????????????????
????????
?? p<0.05 ????
d) ???c)?????????ROS??????????
???? MitoTEMPO?300? mol/l????????
? ROS??????????????
????????3?????????????????
????????
n.s. ???????not significant; p>0.05?????
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Figure 3. Effects of serum protein on hemin-induced cell death and ROS production
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Figure 4.  Effects of antioxidants on hemin-induced cell death and ROS production
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Figure 5.  Effects of NADPH oxidase inhibitors on hemin-
induced cell death and ROS production　NADPH oxidase 阻
害剤がへミンによる ROS 産生・細胞死誘導に及ぼす影響
a) THP-1????NADPH oxidase?Nox???? DPI 
0 ???20?mol/l?1?????? ???0 ???20?
mol/l?2?????????????????????
????????????? DPI??????????
??????
????????3?????????????????
????????
?? p<0.05 ????
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?????? ROS????? DPI?????????
???????
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c) THP-1????Nox?????????0 ???100?
mol/l?1?????? ???20?mol/l?2??????
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??????????????????????????
????????3?????????????????
????????
n.s. ???????not significant;?p>0.05?????
d) ???c)?????????ROS??????????
?????? ROS????????????????
??????????
????????3?????????????????
????????
n.s. ???????not significant; p>0.05?????
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Figure 5. Effects of NADPH oxidase inhibitors on hemin-induced cell death and ROS production
e) THP-1????Nox ?????? VAS2870 0?10?
mol/l?1?????? ???20?mol/l?2??????
?????????????????????????
???????? VAS2870?10?mol/l???????
?????
????????3?????????????????
????????
n.s. ???????not significant; p>0.05?????
f) ???e)?????????ROS??????????
?????? ROS?????????? VAS2870?10
?mol/l????????????
????????3?????????????????
????????
n.s. ???????not significant; p>0.05?????
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